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A Light- and Electron-Microscopic Analysis
MING-SOUND TSAO, MD, and
JOE W. GRISHAM, MD
The histology and ultrastructure of more than 100
tumors produced by a chemically transformed rat liver
epithelial cell line and its single-cell-derived clonal
subpopulations were studied. Wide-ranging morpho-
logic presentations were observed, including carci-
nomas, sarcomas, "mixed epithelial-mesenchymal"
tumors, and undifferentiated tumors. In addition to
epidermoid and adenocarcinomas, several tumors
were morphologically indistinguishable from hepato-
cellular carcinomas. The "mixed epithelial-mesen-
chymal" tumors reproduced most ofthe various histo-
logic features of human hepatoblastomas. In many
instances, the epithelial component occupied focal
areas of the tumors, and transmission electron micro-
scopic studies of the "sarcomatous" regions revealed
ONE OF THE controversies in experimental chemi-
cal hepatocarcinogenesis relates to the relationship
between "oval" cells and the histogenesis of hepato-
cellular carcinoma. Several investigators have shown
that during early stages ofhepatocarcinogenesis from
feeding rats nutritionally complete diets containing
N-nitrosomorpholine or choline-deficient diets con-
taining N-2-acetylaminofluorene or ethionine, a-fe-
toprotein synthesis could be exclusively localized to
"oval" or "transitional" cells.'15 Since a-fetoprotein
is also produced by many chemically induced hepato-
cellular carcinomas, it was suggested that "oval" cells
might be the progenitor cells of some hepatocellular
carcinomas.6'7 Indeed, Inaoka8 has provided some ev-
idence that "oval" cells induced in livers of rats by
administration of 3'-methyl-4-(dimethylamino) azo-
benzene are able to transform into hepatocytes, but
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either spindle-shaped epithelial tumor cells or, in most
cases, scattered epithelial tumor cells surrounded by
numerous fibroblasts or myofibroblasts. Similar find-
ings were observed in several "sarcomas" examined ul-
trastructurally, which suggests that most ofthe mixed
tumors or sarcomas actually were spindle cell carci-
nomas and/or carcinomas with marked host fibro-
blastic reaction. However, in a few mixed tumors pro-
duced by clonally derived cell strains, unequivocal
carcinosarcomas with neoplastic osteoid or chondroid
tissue were demonstrated. The findings of this study
are discussed in the context of current insights on the
cellular composition of the liver and on the histogen-
esis of human hepatoblastoma. (Am J Pathol 1987,
127:168-181)
Tatematsu et a19 could not confirm this result in livers
of rats treated with 2-acetyl-aminofluorene. Most re-
cently, Fausto and his colleagues reported that in rats
fed a choline-deficient diet containing ethionine, the
expression of placental isozyme of alkaline phospha-
tase and the 2.3-kb mRNA ofa-fetoprotein were con-
fined to oval cells and to the cells of hepatocellular
carcinomas but were not found in normal or carcino-
gen-treated hepatocytes.'0I1I "Oval" cells are believed
to arise from the proliferation ofterminal bile ductu-
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lar cells. 12-14 We have previously shown that bile duc-
tular cells are most probably also the origin ofrat liver
epithelial cells in long-term culture.'5 In fact, the bio-
chemical and/or ultrastructural phenotypes of nor-
mal bile ductular cells, cultured liver epithelial cells,
and "oval" cells were nearly identical. 16,17 In view of
the previously discussed uncertainties ofthe origin of
hepatic "oval" cells and their participation in the for-
mation ofhepatic tumors, a morphologic study ofthe
tumors produced by chemically transformed rat liver
epithelial cells may provide further understanding of
the nature of "oval" cells, their relationship to other
hepatic epithelial cells, and their role in the histogen-
esis of tumors of the liver.
Materials and Methods
Tumors were produced by transplantation of
WB-F344 rat liver epithelial cells which had been
transformed in vitro by exposure to N-methyl-N'-
nitro-N-nitrosoguanidine (MNNG). The phenotypic
characteristics ofthe tumorigenic WB-5- 1 1 cell popu-
lation and its clonally derived sublines/strains have
been reported previously.'8-20 The WB-5-11 cell line
was produced by 11 brief repeated exposures of
WB-F344 cells to 5 ,ug/ml ofMNNG'8; and from this
heterogeneous, tumorigenic WB-5-11 cell popula-
tion, 18 clonal subpopulations were isolated based on
their expression ofthe enzyme y-glutamyl transpepti-
dase (GGT). Eleven cloned cell strains were GGT-
positive, and 7 were GGT-negative. Tumors were
produced as a result of injecting approximately 1-
2 X 106 cells subcutaneously on the back of or intra-
peritoneally into one-day-old isogeneic Fischer-344
rats. In addition to tumors produced by the WB-5- 1 1
cell line and its clonal subpopulations, some tumors
were produced by a WB-F344-derived cell line which
was exposed only one time to MNNG and subse-
quently maintained for a long period oftime in con-
tinuous culture. Altogether, 125 tumors were avail-
able for histologic examination. Formalin-fixed and
paraffin-embedded tissues were routinely sectioned
and stained with hematoxylin and eosin (H&E). With
some tumors, fresh or previously formalin-fixed tis-
sues were further fixed in a buffered solution of 4%
paraformaldehyde-2% glutaraldehyde and processed
routinely for transmission electron microscopic stud-
ies.
Results
All of the 125 tumors available were examined by
light microscopy and classified into four main histo-
logic groups based simply on the presence ofepithelial
and/or mesenchymal tumor cells (Table 1). Obvious
Table 1 -Light-microscopic Classification of Tumors Produced
by Chemically Transformed Rat Liver Epithelial Cells
Number of tumors
Carcinomas (Epithelial)
Epidermoid 1 5
Adenocarcinoma 1 3
Hepatocellular 4
Poorly differentiated/
anaplastic 22
"Sarcomas" (mesenchymal) 19
"Mixed epithelial-
mesenchymal" tumors 30
Unclassified 22
differentiated areas allowed the further subclassifica-
tion of 28 tumors as epidermoid carcinomas or ade-
nocarcinomas. Some ofthe remaining 26 carcinomas
consisted of cuboidal or round epithelial cells which
grew in solid or trabecular fashion, thus resembling
hepatocellular carcinomas. Tumors were presumpti-
vely classified as "sarcomas" when they consisted of
spindle-shaped cells showing indistinct cytoplasmic
borders which were arranged in myxoid, fascicular, or
storiform patterns. When these "sarcomas" presented
with other areas showing unequivocal epithelial dif-
ferentiation, they were categorized as "mixed epithe-
lial-mesenchymal" tumors. Despite thorough exami-
nation, 22 tumors could not clearly be classified by
light microscopy. Most of these tumors consisted of
masses of small oval or spindle cells with indistinctly
bordered, eosinophilic cytoplasm and irregularly
shaped nuclei (Figure 1). These "undifferentiated"
cells were also often observed to form parts of other
carcinomas, "sarcomas," or "mixed epithelial-mes-
enchymal" tumors. Consistency in the differentiation
Figure 1-Sheets of undifferentiated small tumor cells commonly found in
most tumors examined and constituting either a small component or a major
part of the tumors. (X600)
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oftumors produced by each clonal cell strain was not
always observed, ie, the GP6 strain (a weakly GGT-
positive clone) produced tumors which included epi-
dermoid and poorly differentiated carcinomas as well
as many "mixed" tumors, "sarcomas," and unclassi-
fied tumors. In fact, there was no correlation between
the expression of GGT enzyme and the differentia-
tion of the tumors produced. Only occasional cell
lines/strains yielded tumors with consistent and spe-
cific patterns of differentiation.
Epidermoid Carcinoma
This tumor was classified as such only when un-
equivocal areas ofsquamous differentiation were ob-
served. Epidermoid carcinomas were produced by
five different strains of GGT-positive cells.
Adenocarcinoma
These tumors were composed of infiltrating and
irregularly arranged glands lined by columnar to cu-
Figure 2-Adenocarcinoma showing intestinal cell differentiation including goblet cells (A) and desmoplastic stroma (B). C-Glandular lumen showing
microvilli with filamentous cores and terminal webs, features characteristic of intestinal glandular cell differentiation. (A, X600; B, X300; C, X38,000)
AJP * April 1987
TUMORS OF RAT HEPATIC EPITHELIAL CELLS 171
boidal cells, as well as by mucin-secreting and goblet
cells (Figure 2A and B). Ultrastructurally, the colum-
nar cells possessed surface microvilli with core fila-
ments and terminal webs consistent with intestinal
epithelial differentiation (Figure 2C). Thus, histologi-
cally these tumors appeared to be indistinguishable
from cholangiocarcinoma ofhuman liver. A cell line
which was treated only once with MNNG produced
eight histologically identical adenocarcinomas with
high metastatic capacity.
Hepatocellular Carcinomas
Four tumors were histologically indistinguishable
from well- to moderately well differentiated hepato-
cellular carcinomas. In addition, the epithelial com-
ponent of five of the "mixed epithelial-mesenchy-
mal" tumors produced by one GGT-positive strain
and one GGT-negative strain also resembled hepato-
cellular carcinomas histologically. These tumors con-
sisted of monotonous-appearing cuboidal or round
cells which grew in trabecular and/or solid manner
(Figure 3A and B). The cells had eosinophilic cyto-
plasm and round euchromatic nuclei with one or two
prominent nucleoli. Ultrastructurally, the cytoplasm
was rich in free ribosomes and rough endoplasmic
reticulum, often arranged in parallel arrays. Well-de-
veloped Golgi complexes and numerous round or
oval mitochondria with short platelike cristae were
also present. Furthermore, structures resembling bile
canaliculi were often observed between adjacent cells
(Figure 3C). In some tumors, abundant lamellar
strands of collagen fibers were present among the
tumor cells (Figure 4); thus histologically, they resem-
bled the fibrolamellar hepatocellular carcinomas (po-
lygonal cell tumor with fibrous stroma) of human
liver.21 22 A less well differentiated tumor consisted of
more pleomorphic and larger tumor cells (Figure 5A).
These cells had abundant cytoplasm containing nu-
merous arrays ofrough endoplasmic reticulum, mito-
chondria, Golgi complexes, microbodies, and bile
canalicular structures (Figure 6). However, sc4attered.
among these large tumor cells were many smaller cells
which contained round or oval nuclei and fewer cyto-
plasmic organelles (Figure 5B and 6). Some other
poorly differentiated carcinomas consisted of sheets
of atypical cells with scant cytoplasm containing
rather complex cytoplasmic contents, including oc-
casional parallel strands ofrough endoplasmic reticu-
lum, well-developed Golgi apparatus, and bile cana-
licular structures (Figure 7). Thus, ultrastructurally
these cells resembled hepatocytes.
Only anaplastic carcinomas were produced by the
intraperitoneal injection ofthe uncloned, phenotypi-
cally heterogeneous WB-5- 11 cell-line. Cells of these
tumors had pleomorphic nuclei with high nuclear-cy-
toplasmic ratios (Figure 8). Focally they showed a
trabecular pattern ofgrowth and histologically resem-
bled embryonal-type hepatoblastoma cells.
"Mixed Epithelial-Mesenchymal" Tumors
Because the tumorigenic cell line and its clonal cell
strains were originally derived from epithelial cells, at
least three possibilities may account for the produc-
tion ofmixed epithelial-mesenchymal tumors or car-
cinosarcomas: 1) the mesenchymal component repre-
sents an overwhelming host fibroblastic or
desmoplastic reaction, 2) the mesenchymal compo-
nent represents spindle-cell carcinomas, or 3) the
mesenchymal component represents a true metaplas-
tic sarcomatous change. Our electron-microscopic
analysis suggests that the majority of these tumors
represented 1 and 2, but very rarely do true carcino-
sarcomas appear to have occurred.
Mixed epithelial-mesenchymal tumors were pro-
duced by three different GGT-positive strains and
three GGT-negative stains. In the majority of these
mixed epithelial-mesenchymal tumors, the epithelial
component formed only a very small portion ofeach
tumor and most often was situated in the central re-
gion. Epithelial elements included epidermoid carci-
nomas, adenocarcinomas, hepatocellular carcinomas
or poorly differentiated carcinomas. Surrounding the
epithelial islands were spindle-shaped cellsgrowing en
masse in myxoid, fascicular, hemangiopericytoid, or
storiform patterns (Figure 9). Such areas showed nu-
merous mitotic figures and often resembled fibrosar-
comas or leiomyosarcomas. However, in other parts
of the same tumor, cellularity often was replaced by
extensive fibrosis, which suggests that some sarcoma-
tous areas represented a vigorous fibroblastic reaction
of host origin. Occasionally in these areas one ob-
served well-formed glandular structures situated
among "sarcomatous" fibroblastic stroma (Figure
IOA) or less cellular collagenous stroma (Figure l OB).
Some&hridstinfiltrated among host adipose cells (Fig-
ure 1OC). Although such isolated glands might appear
histologically benign, the nuclei of the lining epithe-
lial cells were abnormally hyperchromatic; yet in
some tumors transition of glandular epithelium into
the surrounding "sarcomatous" cells was clearly ob-
served (Figure 1OD). In fact, transmission electron
microscopic studies of the "sarcomatous" areas of
these mixed epithelial-mesenchymal tumors re-
vealed the presence of numerous fibroblasts and
myofibroblasts among epithelial cells (Figure 1 1) as
well as epithelial cells which had assumed a spindle
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Figure 3-Hepatocellular carcinomas growing in solid (A) and trabecular (B) pattems. C-Transmission electron microscopic study of the tumorshown in B
revealed polygonal cells with profiles of rough endoplasmic reticulum, abundant polysomes, and spaces resembling bile canaliculi (asterisks). (A and B, X 600; C,
X8600)
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Figure 4-Tumor resembling the fibrolamellar hepato-
cellular carcinoma of human liver. Note the polygonal
tumor cells with abundant intervening lamellas of colla-
gen fibers. (X400)
shape (Figure 12). We therefore concluded that the
"sarcomatous" areas of these tumors were either
carcinomas associated with marked desmoplastic re-
action of the host mesenchymal cells or, less often,
spindle-cell carcinomas.
Reactive fibroblasts or myofibroblasts can be diffi-
cult to distinguish from their malignant neoplastic
counterparts, but sarcomatous transformation would
be difficult to refute if malignant osteogenic or chon-
droid tissues were identified. In fact, several of the
mixed epithelial-mesenchymal tumors did show foci
of osteogenic sarcoma or chondrosarcoma (Figure
1 3A and B). Because these tumors were produced by
implantation of cloned (homogeneous) populations
ofepithelial cells, and because transition ofthe epithe-
lial to the malignant chondroid or osteogenic cells
could be observed, we concluded that in some cases
true carcinosarcoma may develop by metaplastic
transformation of the malignant rat liver epithelial
cells.
"Sarcomas"
These tumors demonstrated the same histologic ap-
pearance as the "sarcomatous" areas of the "mixed
epithelial-mesenchymal" tumors, but an epithelial
component could not be identified. Most of these
pure sarcomas probably represented spindle-cell car-
cinomas or carcinomas with marked host mesenchy-
mal cell reaction. Because epithelial islands could oc-
cupy a very small portion of the mixed tumors,
sampling error may explain the absence of epithelial
components in many of these sarcomas. However,
osteogenic or chondrosarcomatous foci were not ob-
served in any of these tumors. In fact, transmission
electron microscopic studies ofthree of these tumors
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Figure 5-Poorly differentiated hepatocellular carcinoma with bimorphic tumor cells. A-Focally sheets or cords of large hepatocyte-like tumor cells
predominated. B-However, in most areas the tumor consisted of an intimate mixture of large and small cells. (X600)
Vol. 127 * No. I
174 TSAO AND GRISHAM AJP * April 1987
4IZ
Figure 6-Transmission electron microscopic study of poorly differentiated hepatocellular carcinoma shown in Figure 4. Large tumor cells (L) contained
abundant and complex organelles, whereas small tumor cells (S) demonstrated simple cytoplasmic composition. Bile canalicular structures (arrows) were
formed by both large (A) and small (B) tumor cells. (A, X6000; B, X13,000)
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Figure 7-The ultrastructure of a poorly differentiated carcinoma demonstrating features of hepatocytic differentiation, including bile canalicular structures
(arrow). (X13,600)
also revealed a few epithelial cells among fibroblasts
or myofibroblasts and undifferentiated cells.
Metastatic Tumors
Seventeen tumors metastasized to the lungs, and all
except one demonstrated the same histologic appear-
ance in both primary and secondary tumor nodules
(Table 2). In one poorly differentiated epidermoid
Figure 8-Poorly differentiated hepatocellular carcinoma produced by the
intraperitoneal injection of WB-5-1 1 cells. (X 600)
carcinoma the metastatic nodules in the lungs were
poorly differentiated adenocarcinomas. This may be
explained by the existence of multipotent tumor
"stem cells," which differentiate into squamous cells
in the primary tumor and adenocarcinoma in the
metastatic sites.
Discussion
We have shown clearly that cultured, chemically
transformed rat liver epithelial cells produce tumors
composed of cells of different types and at various
levels of differentiation. In reference to the classifica-
tion system of rat hepatic tumors,23 most of these
tumors histologically recapitulate hepatocellular car-
cinomas, cholangiocarcinomas, and hepatoblasto-
mas. In fact, this may be the best animal model of
hepatoblastoma currently available. We believe that
some ofour findings may add new and useful knowl-
edge pertaining to the controversial issues in the his-
togenesis of hepatocellular carcinomas and hepato-
blastomas.
Previous studies conducted in our laboratory have
provided strong evidence that propagable cultured
liver epithelial cells obtained from adult rats are de-
rived from nonparenchymal epithelial cells. Unlike
Vol. 127 * No. I
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Figure 9-"Sarcomatous" components of mixed-tumors showing myxoid (A), fascicular (B), hemangiopericytoid (C), and stonform (D) patterns. (X600)
differentiated hepatocytes, the colony-forming pro-
genitors of these propagable cultured epithelial cells
were insensitive to both pronase and trypsin. 15 In fact,
in isolating these cells the best yield was achieved by
digestion of minced rat liver with trypsin,24 during
which process hepatocytes are lysed uniformly. Ul-
trastructurally, these cultured cells were indistin-
guishable from bile ductular cells and "oval"
cells.'3 '14"6 Furthermore, the biochemical phenotypes
ofthese cells were virtually identical to those of"oval"
cells purified by centrifugal elutriation.'6"17 Thus, in
most respects, there is a strong phenotypic and most
probably histogenetic relationship among cultured
liver epithelial cells, "oval" cells, and bile ductular
cells. The results of this study suggest that cultured
hepatic epithelial cells are multipotent, possessing the
ability to give rise to a variety ofmore highly differen-
tiated types of cells.
One ofthe most current and controversial issues in
experimental rat hepatocarcinogenesis is the role of
"oval" cells in chemical carcinogenesis of rat liver. It
has been proposed that "oval" cells may be the pro-
genitor cells of hepatocellular carcinoma induced by
certain chemical carcinogens.6'7'25 The fact that some
of the tumors produced by chemically transformed
cultured rat liver epithelial cells were identical to cells
forming hepatocellular carcinomas indirectly sup-
ports the hypothesis that some hepatocellular carci-
nomas may arise from bile ductular cells or "oval"
cells. In fact, this is probably the best evidence yet that
bile ductular cells are capable of differentiating into
hepatocytic cells, because no investigators have yet
been able to demonstrate the differentiation ofeither
nontransformed cultured liver epithelial cells or iso-
lated "oval" cells into mature hepatocytes, either in
vitro or in vivo by implantation into the spleen or
interscapular fat pad (Tsao and Grisham, unpub-
lished results, and Fausto, personal communication).
AJP * April 1987
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Figure 10-Neoplastic glandular structures showing hypercellularity and nuclear hyperchromasia and pleomorphism and situated among "sarcomatous"
stroma (A), less cellular collagenous stroma (B), or infiltrating the subcutaneous adipose tissue (C). In some areas, transition between glandular cells and
"sarcomatous" cells were evident (D). (A-C, X250; D, X600)
It is interesting to note that "oval" cells have also been
shown to differentiate into intestinal-type epithelial
cells,26 and some of the well-differentiated adenocar-
cinomas that we obtained from these transformed
liver epithelial cells demonstrated features of intes-
tinal epithelial differentiation.
The second useful piece of information which we
derive from our studies relates to the mixed epithe-
lial-mesenchymal hepatoblastomas and undifferen-
tiated sarcomas (malignant mesenchymomas) of
human liver. The histogenesis of mixed epithelial-
mesenchymal hepatoblastomas remains controver-
sial. Most authors have concluded that both the epi-
thelial and mesenchymal components are
neoplastic,27-31 and Willis32 proposed two theories re-
lating to their histogenesis: 1) simultaneous neoplasia
of two distinct embryonic (epithelial and mesenchy-
mal) tissues and 2) differentiation of both the epithe-
lial and mesenchymal components from common
precursor cells in the hepatic "blastema." On the
other hand, other authors considered the mesenchy-
mal component to be reactive stromal tissue in purely
epithelial hepatoblastomas.32 The histologic features
of our mixed tumors are quite similar to those ob-
served in human mixed hepatoblastomas2734 and in
rat hepatoblastomas.23 In the human tumors, osteoid
is the most common differentiated mesenchymal ele-
ment, whereas cartilagenous tissue is less common.28
The neoplastic nature of the osteoid tissue has been
disputed.33'35 However, osteoid is often seen in areas
of undifferentiated tumor mesenchyme and in pure
epithelial regions, which suggests that it forms part of
the neoplastic tissue.28'31'3436'37 In the tumors we ob-
tained, both the osteogenic and chondrogenic cells
also showed abnormal hyperchromatic nuclei which
were indistinguishable from the nuclei of the sur-
rounding epithelial or undifferentiated cells. More
important, these tumors were produced by the clonal
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Figure 11-Desmoplastic tumors showing epithelial cells surrounded by fibroblasts (f ) and/or myofibroblasts (mf ). Note glandular lumens (asterisks) formed
by the epithelial tumor cells (E). Arrow indicates pinocytic vesicles which are characteristic of myofibroblasts. (A and B, X20,000)
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Figure 12-A spindle cell carcinoma containing epithelial tumor cells joined by numerous well-formed desmosomes. Note that unlike many mesenchymal cells,
these irregularly shaped spindle and stellate-shaped cells were not lined by basal lamina. (A and B, X6000)
epithelial cell population that also produced carci-
nomas in the same or other animals, which indicates
that the implanted cells are blastic (multipotent) in
nature and capable ofdifferentiating into both differ-
entiated epithelial and mesenchymal lines. This ob-
servation also suggests that it is unnecessary to postu-
late a two-cell origin to explain the histogenesis of
mixed hepatoblastoma or hepatic carcinosarcoma. In
fact, "carcinosarcomas" can arise from epithelial cells
in other situations, eg, in hepatoblastomas and malig-
nant mixed mullerian tumors ofthe endometrium, as
well as from mesenchymal cells, as exemplified by
synovial sarcomas and epithelioid sarcomas.38n
Finally, it has been amply reported that in primitive
mesenchymal sarcomas of human liver, ductular or
glandular structures are commonly seen.41'42 These
structures most often are present at the periphery of
the tumors, which has suggested to many authors that
they represented entrapped bile ducts. However,
these epithelial structures have also been found situ-
Table 2-Histology of Metastatic Tumors*
Primary Metastatic
Anaplastic carcinomas (7) Anaplastic carcinomas (7)
Epidermoid carcinomas (2) Anaplastic carcinomas (1)
Adenocarcinomas (1)
Adenocarcinomas (8) Adenocarcinomas (8)
*The number in brackets represents the number of tumors belonging to
each histologic type.
Figure 13-True carcinosarcoma showing foci of neoplastic chondroid (A) and osteoid (B) tissue. In both tumors other areas of unequivocal, poorly
differentiated carcinoma were observed. (X600)
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ated in the central part ofthese tumors, and the nuclei
of the lining cells have shown abnormal hyperchro-
masia.36'38 An alternate explanation is that the epithe-
lial cells may represent neoplastic cells which have
differentiated into bile ducts. Some of the tumors we
obtained closely resembled the undifferentiated sar-
comas of human liver. In these tumors, we found
occasional well-formed glandular structures among
masses of spindle and undifferentiated tumor cells.
Because these cells developed in the dorsal subcutane-
ous tissue, where ductal structures are absent, we con-
clude that these ductular elements represent neoplas-
tic cells that have differentiated. Histologically, these
glands could easily be regarded as benign, although
they also showed hypercellularity and nuclear hy-
perchromasia. Our findings thus suggest that some of
the ductular or glandular structures found within the
undifferentiated sarcomas of human liver represent
part of the neoplastic tissue.
In conclusion, the tumors we have produced by
transplanting chemically transformed, cultured adult
rat liver epithelial cells reproduce virtually all of the
histologic features or elements observed in rat and
human hepatoblastomas, including undifferentiated
cells, fetal or differentiated hepatocellular carci-
nomas, ductular structures, squamous cells, and sar-
comatous tissue, including osteoid and cartilagenous
differentiation.23 ' Although hepatoblastomas in
humans occur mostly in young infants or children,
they may also occur in human adults.45 Our studies
suggest that cultured liver epithelial cells 1) are multi-
potent blast cells with wide-ranging differentiation ca-
pacity, 2) can develop into either hepatocellular-like
carcinomas or cholangiocarcinomas when neoplasti-
cally transformed, 3) can be used as an animal model
of human hepatoblastomas when chemically trans-
formed, and 4) may be the progenitor cells of hepa-
toblastomas, including the mixed epithelial-mesen-
chymal tumors and the undifferentiated sarcomas of
human liver.
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